November 2000 



BRX TH-482 
McGill 00-30 



Norcor vs the Abominable Gauge Completion g 

Marcus T. Grisaru Q 
Physics Department, Brandeis University 
Waltham, MA 02454 USA 

Marcia E. KnuttQ 
Physics Department, McGill University 
Montreal, QC CANADA H3A 2T8 



ABSTRACT 

We use normal coordinate methods to obtain the expansion with respect to 
fermionic coordinates of the 11-dimensional supermembrane action in a supergrav- 
ity background. Likewise, expansions for various branes in other dimensions can 
be obtained. These methods allow a systematic and unambiguous expansion of 
the vielbein to any order in the fermionic coordinates and avoid the complications 
encountered in the gauge completion approach. 
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1 Introduction 



In the past few years, in the course of investigations of properties of branes in 
supergravity backgrounds, several authors 0, |^, ^, |^, |^, |^ have performed ex- 
pansions of supermembrane actions with respect to the fermionic coordinates 9°'. 
For such expansions, which involve in particular expanding the vielbein E^{x,9), 
they have employed an abomination known as "gauge completion" {pace friends), 
a procedure which manages to cast component results in a superspace language by 
laboriously comparing order-by-order component supersymmetry transformations 
with superspace coordinate transformations. This procedure is complicated, am- 
biguous, unmanageable at higher orders, and just plain ugly. It may be unavoidable 
in some cases where the appropriate superspace formalism does not exist or is not 
sufficiently developed. (We note that for some specific backgrounds compact explicit 
form of the vielbein can be obtained. This is the case for AdSsxS^ [§, as well as 
AdS4xS'^ and AdSyxS^ |^, 0|; see also ref. ||10[-) However, in all cases where a 
geometric description is available in terms of superspace covariant derivatives with 
torsions and curvatures satisfying suitable constraints a much more elegant and ef- 
ficient method exists, based on normal coordinate expansions of the vielbein and 
all other quantities [^, |T2|, jTS], [T^, |T3|, 0. This method has been used primarily 



for the expansion of the Green-Schwarz superstring action [|^, |T^, |T^, or for the 
derivation of the superspace density formula |]T3|, |TB| , but it can be readily applied to 



the expansion of various brane actions. In this paper we demonstrate its use for the 
case of the 11-dimensional supermembrane. In a later publication we shall consider 
various branes in 10-dimensional supergravity backgrounds. 

In the following sections we first summarize the basic elements of 11-dimensional 
supergravity and the description of the supermembrane. We then give the general 
form of the normal coordinate expansion and specialize to the present case, writing 
down the expansion of the vielbein components Em^ through the first three orders in 
the fermionic coordinates. We identify the component fields (graviton, gravitino and 
three-form field strength, as well as their (component) covariant derivatives) that 
appear in the expansion, and finally give the low-order expansion of the membrane, 
speciahzing eventually to a bosonic background. 



2 11-dimensional supergravity 

The theory is described in a superspace with coordinates = (x™, 6"^) by the 
vielbein E^{x,e) = dZ^Eu"^ and three-form B = {1/3\)E^ E^ E^Babc satisfying 
torsion constraints and field-strength constraints respectively, as follows fl^, |18[ : 
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(a) = -^(P)„;3 

(b) T,/ = T^t" = Tat' = 

(c) Hap^s = Hap-yd = -f^afecd = 

(c?) Hapcd = iiJ^cdlaP (2.1) 

with H = dB = {1/A\)E^E^E^E^Habcd and 

Habcd = X! aBbcd + Tab^Becd (2.2) 

(We use real Majorana gamma-matrices F*^, and F'^^'^ " antisymmetrized with unit 
strength.) These constraints put the theory on shell. 

From the Bianchi identities DT^ = E^Rb^, DRa^ = and dH = 0, or 

{Rabc^ — ^aTbc^ — Tab^Tec^) = 

[ABC) 

E {^aRbcd" + Tab^Rfcd'')=Q (2.3) 

(ABCD) 

E C^aHbcde + Tab^ Hfcde) = 

one derives expressions for the remaining components of the torsion and the com- 
ponents of the curvature|: 

1 

;:bT^cde , -p bcde\ tt 

T^'^f^VpHabcd (2.4) 



(e) 




36^ 


(/) 


J-ab 


= ^( 
42^ 


(g) 







(h) 



with 



^ab,'y 
Rab,cd ' 

Ral3,ab 



i 
2 

i 

~6 



VfeTa^^ + V^Tab 



a-y be 



67 ae 



7:[(Xb)af3Tcd^ — (Tc)al3Tdb^ + (Xd)a/3Tcb^ 



^ 1 ^ 

i^'"^)apH»bcd + ^(^abcdef)al3H'"^''-^ 



(2.5) 



RaB-y^ — -^RABcdi^'^ J-y 



(2.6) 



^In eq. (19) of the second paper of ref. the factor of 1/3 should be replaced by 1/24. We 
thank P. Howe for a communication concerning this. 
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We will need the following additional consequence of the Bianchi identities: 

(k) VAde = -Q^ir[bc)a3Ta/ (2.7) 

(0 ^ o.Rhc,de — ^bRac,de ^ cRab,de ~l~ T})q^ Ry(,,de -^ca''^ -^76,^6 ^^fcc'^-R/Jajde 

which can be used to relate higher components (in 9) of field strengths and curvatures 
to lower components. 

We also note the three-form equation of motion (a consequence of the constraints) 
V'Habcd = —^ebcde,-esH''-''H''-'' (2.8) 



3 The Super membrane 

The supermembrane action is written in terms of superspace embedding co- 
ordinates Z'^{Q — (2^"*(C)) ^''(C))) functions of the world-volume coordinates C 
(i = 0,l,2): 

SiZ) = J d'cH-detG{Z) - ^e^^'utufU^BcBAiZ)] (3.1) 

with Uf = {dZ'^ /dC)EM^{Z) and Gij = U'}U''-riab. It is k invariant when the 
background satisfies the supergravity constraints. 

For the applications we have in mind, one wants to expand the action with 
respect to the fermionic coordinates 9 and identify the coefficients with various 
supergravity component fields: the component vielbein, the gravitino, etc. Aside 
from some technical complications, this expansion is not difficult for tensors such as 
the three-form, but is highly nontrivial for the vielbein if one proceeds in a brute 
force manner. As we have indicated in the introduction, previous workers have 
used gauge completion to achieve this task, but it is fairly clear that this procedure 
becomes quickly unmanageable if one tries to proceed beyond second order on the 
way to the full expansion at 32nd order. 

Our approach, which is based on applying standard normal coordinate expan- 
sions to this case, is systematic, recursive, covariant, and in principle could be carried 
out all the way to the 32nd order - not that we recommend it. In this approach 
the fermionic variables are normal coordinates on the curved superspace manifold 
in directions "perpendicular" to the bosonic base manifold, and the expansion auto- 
matically produces coefficients which are covariant objects, torsions, curvatures and 
field strengths. In general, the normal coordinates y°' are related by field redefini- 
tions to the ordinary 9" used in the gauge completion procedure, but are equally 
suitable for all applications. 
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4 Normal Coordinate Expansions 



We shall rely primarily on ref. |]T3| (see also ref. |T^) and we refer the reader 
to that reference for an explanation of the procedure and some of the details. Ba- 
sically, one chooses a point Z^'^ = (a;™, 6'^ = 0) on the superspace manifold as 
the origin of normal coordinates, and parametrizes its neighborhood by coordinates 
along the tangent hyperplane, y"^ = {y°',y°'). Subsequently, by setting y°- = one 
thus parametrizes the manifold by (a;*",?/"). One introduces an operation 6 whose 
repeated iteration gives the successive terms in the Taylor expansion 

E^^iz; y) = dZ^'EM^ = E\Z) + 5E^ + -5''E'^ + -S'^E^ + (4.1) 

2 . 3 • 

This operator acts as follows: 

8E^ = Dy^ + y'^E^'T^c^ (4.2) 
where the covariant differential is 

Dy^ ^ E^VbV^ = dy^ - y^c/ = dy^ - y^i^'^a;^/ (4.3) 

Also 

5Dy^ = -y^E^y^RncB^ (4.4) 

and for any tensor 

ST = y^WAT (4.5) 
We record here the first few terms in the expansion of the vielbein: 

5'E^ = -y^E^y^RncB^ + y'^EV^nTsc^ 

+y'^\Dy^ + y'^E^T^/)T^c^ (4.6) 

S'E^ = -y^{Dy^ + y^E^TGF'')y''RcBD^-y''E^y<'y^VFRcBD^ 

+2y^{Dy^ + y^ E^TGF'')y''W dTbc^ + y"" E^y'^y'^W eV dTbc^ 
+y'^y''{Dy^ + y''E^T,^)TnG^TBc^ + v"" Dy^y^V nTsc^ 
-y'^y^'E^y^REFD^'Tsc'' + y'^y^ E^y^{V eTdf'')Tbc'' (4.7) 

The next term is: 

5'E^ = +3y^y^{Dy^ + y^E^THG'')TEFWnTBc^ 
+3y''iDy^ + y^ E^TcFVy''^ e"^ dTbc^ 

-yViDy^ + y''E^THG')y''REFD''TBc^ 

+2y^y^{Dy^ + y"^ E<'TaE^)y^ {V HTnF^)TBc^ 
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-2y^{Dy^ + E^TGF^)y^y''V eRcbd'' 

+y^y^y^{Dy^ + y' E^THi^)T,^Tj,a''Tsc'' (4.8) 
+y''y''E^y^RGrE''y''RcBD^ - y^'y^E^y^iVETcrVRcBD^ 
-y^E^y^y^y^VEVERcBD'' + y"" EWv^"^ fV eV nTnc^ 

-y y y y [\/g^efd jj-bc - -^y y ^ y ^efd y ^g-lbc 

-y'^y^y^EVRncF^TnE^'Tnc^ + y'^y^'y'^ E^y^ {V hTfe'')Tog''Tsc^ 
+y''y^E^y^y^{VcVEToF'')TBc^ + 3yS^£^^l/^(V^T^^^)y^Vc;T^c^ 

Higher order terms can be obtained by applying the 5 operation iteratively. Lest the 
reader be frightened by the large number of terms one generates, let us point out 
that the supergravity constraints render many of the terms in the expansion zero, 
as we shall see in the next section. 



The puUbacks 11^ = O^Z^^Em^ have an equivalent expansion^] [|T^, |T^, with 

5Iif = D,y^ + y^UfTcB^ (4.9) 

and 



A,/ = d.y^-y^'ufuEc^ 
5D,y^ = -y^'ufy^RDCB^ (4.10) 

so that the successive terms can be read immediately from (|4.2| , |4.6| - [4.8| ). 



In the above formulas ujbc^ is the supergravity Lorentz connection; this non- 
covariant term will drop out in any expression which is Lorentz invariant. Fur- 
thermore, it would appear that in the expansion of the three-form, according to 
(4.5) non-gauge-invariant supergravity covariant derivatives VaBbcd would appear. 
However, it is not difficult to check that in the expansion of the Wess-Zumino term 
in the action, from the first variation of the vielbein factors, one generates torsion 
factors so that in fact 

dle'^'ufufWiBcBAiZ)] = e'^'y^'ufufU^HncBA (4.11) 

up to total derivatives. Subsequent terms in the expansion involve only the gauge- 
invariant field strength. 

For the actual application we have in mind, the expansion of the supermembrane 
action in powers of the fermionic variables, the following simplifications occur, in 
addition to those due to the supergravity constraints: 

. y^={0,y-) 



^With our conventions, there is a sign difference from these references. 
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• All quantities in the expansion are evaluated at Z^^ = (x™, 0) so that they just 
involve the ^ = 0, first components, of the superfields and their derivatives. 
In particular we have (in Wess-Zumino gauge but in fact our expansion is 
completely supergravity gauge-covariant), with Em^\ = Em^{x, 0) 



5^ (4.12) 

as well as 

Tc/|=Cd (4.13) 

the supercovariantized gravitino field strength. We also note that the choice 
of Wess-Zumino gauge implies that the spinor covariant derivative connection 
vanishes at 6' = 0, (see, for example, Superspace, eq. (5.6.8) |19| .) 

ooap'^l = (4.14) 



-C/m I 



• One is often interested in bosonic backgrounds, and in that case any individual 
object containing an odd number of fermionic indices can be set to zero. 



5 The Expansion of the Vielbein 

We illustrate the remarks at the end of the previous section by examining the 
first few terms in the expansion. To begin with, we consider the bosonic E°- and 
take advantage of the constraints. We find, for the lowest orders 

= y^E^Tcp'' = -iy^E\T'^)(,, = -idx^{yT'^i,^) (5.1) 

d^E'^ = -y^E^y'Rscp'' + y^E''y'VsTB-y'' + y'iDy^5^ + y'E''TD,'')Tn^'' 
= -ty^Dy^ir-)^^ - ty^E^y^T^/in^^ 

= -z{yT''Dy)-idx'^eJy^y'T,/{T-)p^ (5.2) 

S^E'^ = zy^y'dx"'i:ty'R,^s^{T'')p, + zy^y'dx^eJfR,fs''{np.y (5.3) 
-y^y'^y^dx"^iljt{T%,T,/in^, - iy'yHx'^eJy%V,T,^^){T-)p, 
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In a similar manner, for the fermionic E°', 



6E' 



Dy^ + y^dx'^ejTi 



by 



(5.4) 



(5.5) 



6^E^ = -y'Dy^y^R^ps''-y'y'^dx^{eJ'T,/y^R,p,^-ir^{T^).^y^Ryb5'') 



-y'dx'^i^l^y^y^V^R^ps" + CmVy^V ^R^ts'' 
-iy^y*dx'^rm{T')^0'VsT, 



by 



(5.6) 



+y>dx'^eJy'y'V,V5T,,'' - iy'y''Dy\T')s.T,,'' 
-iy^y^y'dx'^ejTf,'{T\^T,,^ - ly^y^dx^^ijUv^^y'V J',,'' 



etc. All the quantities on the right-hand side are evaluated at 6^ = 0. 

We have used the constraints, and also the structure of the tangent space Lorentz 
group which implies RABy"" = 0. The torsion Tda^ is given by the constraints ( p.4| ) 
in terms of the three-form field strength evaluated at 6 = 0, i.e. the component field 
strength. We note the vanishing of V^T^^"^. We also note the appearance of the 
component vielbein and of the gravitino. As we show in the next section the other 
quantities, all evaluated at ^ = 0, can be expressed, via the solution of the Bianchi 
identities, in terms of component quantities. 

The expansion of the individual vielbein components, Em"^ can be read from the 
above expansion of E^ = Em^dx"^ + E^^dy^ (in WZ gauge = 5'^y^). Thus, to 
read off the expansion oiE^^ at a given order in y, one has to go one order higher for 
E^. Although in our approach these components are not needed for the expansion 
of the membrane, we give the first few orders. We obtain, from (5.1-3) (and the Dy 
part of (^) 



E 



i r 
~2 



+ 



«(i/r>„) 

y'y Cm Ide {i- )f3y + y{l japy em^cy 

zyVi^ty'Re^s^in^y + lyVeJfRefs^n^y (5.7) 
y^y''y^iji{T%,T,/{n^, - ^i/VemV(V. V)(r") J + 0{y') 



3! 



V = -^y'iny^^i 

+^5^ [y^y^y'iT')peT,J{n^ + tyVy'Reps'^inn] + 0{y') 



(5.8) 
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and from (5.4-6) 



1 r 
+ 2 

1 



y^y^Cm^uJc 



^y^R^ps'' - y'y'^{am'T,/y''R,ps'' - ^C(r').<^l/^i?^65") 

-y\'4^Ly^y'^^<pR,ps'' + eJy'^y'f'V^R.bs'') - zy^y'^^^{T'),^y'VsT^'' 
+y^eJy'y'V,VsT,,'' + iy''y'^y^e^'ujJ{V')s4,T,,'^ (5.9) 
-iy^y^y^ejTf,\T')s.T,,'^ - ly^y^^HV^^'V J'b,''] + 0{y^) 



1 r 



(5.10) 



We describe in the next section how the various superspace tensors appearing above, 
which are evaluated at ^ = 0, are to be identified with component fields. 

The first two orders of the expansion can be compared with, for example, (4.15, 
5.1) of ref. lU, although the authors of that reference, using gauge completion, were 
not able to obtain all the 0{6^) terms. 



6 The Component Fields 

In the general expansion we encounter superspace fields and their spinor deriva- 
tives evaluated at ^ = and we must express these quantities in terms of the fields 
of component supergravity. 



From the relations in (|2.4|, |2.5|) it is clear that all torsions and two of the curva- 



tures can be expressed in terms of the field strength Habcd{x, 6). We identify 

Habcd\ = habcd{x) (6.1) 

where habcd is the supercovariantized component field strength. Similarly, for the 
curvature 

Rab,'\ = fib^i^) (6.2) 

the supercovariant component curvature tensor. 

We will need the = spinor derivatives of some of these quantities. To begin 



with, from (1) in eq. (|2.7| ) 



"^aHabcdl = Gi{T[ab)a'^Tcd]t3\ = [ab) J ^cd](}{x) (6.3) 



8 



in terms of the supercovariantized gravitino field strength. Taking a second spinor 
derivative, 

V^VaHabcdl = Gi(X[ab)a^'^-yTcd]l3\ (6.4) 

and aX 6 = the spinor derivative of the torsion can be expressed, by means of (h) in 
(|]5D in terms of the component curvature, VaTb^^ ~ VaHbcde iy aHbcde\ = Dahcde 
is a supercovariantized space-time derivative), and the products of two H. Clearly 
this procedure can be repeated so that at every stage spinor derivatives of Habcd can 
be expressed in terms of the component curvature, gravitino field strength, habcd , 
and space-time derivatives thereof. 

Turning to the curvatures, a similar procedure applies. Relations (i) and (j) in 
(P^.5D allow us to express curvatures with some spinor indices in terms of the com- 



ponent quantities above. The relation (1) in ( p.7|) gives us the first spinor derivative 
of the curvature with vector indices. A second spinor derivative will lead to terms 
such as V^Vbi?Q,c,de| = VftV^-Racdel + [ , Vfe] -Rac.de | and the commutator can be 
expressed in terms of known torsions and curvatures. 

The procedure we have outlined above provides a systematic and unambiguous 
way of obtaining the component expansions to any order. Obviously higher orders 
will get more and more complicated, but they don't require any ingenuity, just 
straightforward application of the rules we have described. 



7 Expansions in bosonic backgrounds 

The higher order expansions simplify considerably if we consider purely bosonic 
backgrounds - the case often of interest. The main simplification comes about be- 
cause we can set to zero all quantities with an odd number of spinor indices. In 
particular, it is evident that odd terms in the expansion of E"- and even terms in the 
expansion of E"" vanish. It is then a simple matter to examine the general expan- 
sion and write down the actual form for this case. Thus we find, from the general 
expansion in Section 4 

= (7.1) 

5'E^ = -t{yr-Dy)-ty'^y^eV{np, (7-2) 

S^E^ = (7.3) 

6'E'^ = tyVe^y'y''iy.Ref5^)inPy-yTy'DyHT%.Td/inp, (7.4) 
-y^y^yVe'T,,^{r%,Td/{np, - ly^y' ef y^y'^ {V ,V sTf/){V^)p, 
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and 

= Dy"" + y^e^Tk^" (7.5) 

5^^" = (7.6) 

d^E'^ = V^2/V[^7/35" + ^(r')/35Tb-,"] (7.7) 

In these expressions several quantities appear (evaluated at 6* = 0) which must be 
worked out using the Bianchi identities and their consequences, as explained earlier. 
We proceed in the following manner: 

The torsion Ta/{^ is expressed directly, from ( p.4|) in terms of the field strength 
Habcd which at 6^ = is the component field strength. 

The spinor derivative of the spinor-vector curvature is obtained as follows: 



4 

o 

^(r^'^)/[(rfe)^^i?,,/ - 2VeT,/ - 2T,/T,/) (7. 

o 

— 2(rc)^/3(-R(i6</.^ — dTb<i>^ + '^bTd<ff — Tdtp'^Th/ + Tfo^'^Trf/)] 



where we have used the relations (|2.7|) and the solution (h) to the Bianchi identities 
to determine objects such as V^/jTcdp. In the final expression all quantities, evaluated 
at ^ = involve the component curvature, the component four-form field strength 
and space-derivatives thereof. 

In a similar fashion we have 

6b 8 

= -l(5,-r'^^ + lrr'^)/(r[„,)5^v,T,e]'' (7.9) 

o 
■i 1 

f XO-rcde I -p acde\ aj^ \ 

= ~Qy"b^ 8 ^ 

■[Rde]e^ - VdTe]/ + VeT,]/ - Trf|,|^Te]/ + Te|,|^T,]/] 

and again, at ^ = 0, the quantities in the last line are recognizable component 
curvatures, field strengths, and space-derivatives thereof. 
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8 The expansion of the brane action 



The first ingredient one needs is the expansion of the first term in the membrane 
action, S'o- = — det Gij = ^J— det(nfn"). The general expansion is straightforward 
though lengthy. We quote the first few terms 

5S„ = ^S^{tTG-^6G) (8.1) 

6^S^ = ^S„{tTG-^6Gf -^S^{tTG-^6GG-^6G-tTG-^6^G) (8.2) 

6^S„ = ls„{tTG-^6G)^ + ^S^{tTG^^6G){tTG-^6^G) 
8 4 

-^S„{tTG-^6G){tTG-^6GG-^6G) + S„{tTG-^6GG-^6GG-^6G) 

-^S^itiG-^S^GG-^G) + ^^^(trG'-^^^G') (8.3) 

with 6Gij = (5n"n" + nf(5n^. The next term in the expansion can be obtained 
straightforwardly. 

Next we consider the expansion of the Wess-Zumino term. Starting with the 
first order variation ([4.11|) one applies the 6 operation repeatedly. Thus one finds, 
evaluating at 6* = 0, with 

n^l = 9,x™e™'^(x) = < (8.4) 



G,A = um 



aTja\ ^a^a 



the following: 



5{WZ) = ^e^^^"a.x"^7r^%K(r,,)^„ (8.5) 

5\wz) = ^e^^V[3(<5nf)nfnfi7z)CBa + nfnfnf/VAi^DCBa]| (8.6) 
= i^6^^V[(5nf DTTjTrf (r,,)^„ + 2(5n^|)7rj9.x'"^i(r,,),„] 

5\WZ) = ^e'^'y"[3i6^Uf)UfU^HDCBa + Qi6Uf)i6Ilf)U^HncBa 

+4(5nf |)(5n^^|)7rf (r,,),J + 2{5Ul\)i5n'^\)d,x-^Pi{T^)s.] (8.7) 



etc. The 6"'Ilf can be read from the 5^E^ in Section 5. 
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8.1 The membrane up to second order 



It is now a straightforward matter to determine the low-order expansion of the brane 
action. We have 



18) 



(8.9) 



{-[g''7ctdjX^{yT,ij^)]^ + 2g'^ g'''n]7r1dkX^d,x^{yTaiJm){yTf,iJn) 
-g'^^,x"'iyT^^|J^)^,x''iyTa^P^) - tg'^ntiyV^D^) - z^7^%>yy^T,/(r,)^,} 

+2t7T^d,x"'dkX^yT'^J{yTati^n)}] (8.10) 



In these expressions we must substitute for the torsion T^J as given in (2.4). 



The result above could be used for one-loop calculations and for identifying 
gravitino emission vetices [Q. 

8.2 The membrane in bosonic backgrounds 

Matters simplify in a bosonic background where we can take advantage of the van- 
ishing of odd variations of 11^ which implies 6G = 6^G = 0. One finds then 



6Sa 



S„{tiG-^5'G) 




1 

2 

(8.11) 

^S,{iiG-H^Gf - ^S„{iiG-H^GG-H^G) + ]^S„{iiG-H^G) 



where 



5 Gii 



(8.12) 



(8.13) 



For the Wess-Zumino term one finds a very simple result to this order: 
6{WZ) = 



12 



S^WZ) 
S^WZ) 







(8.14) 



The second order expansion of the action can be read immediately from (8.10) 
by setting the gravitino to zero: 

5(2) (^; y) ^ \ j d\ \-i^99'' {i^l^yT^D^y) + <7ry t/^r,/(r„)^^} 



--i6^^'= {7r>5(|/r,,Z},|/) + 7r>j7r^y"y^r„/(r,,)^„} 



.15) 



From (8.11-14) the fourth order expansion can be written as 



S^'\x:y) 



4! 



— y—g\o[K TT-' — TT-' TT —Q-'TT 71^ ~] Q ■' 1] \0 iij ii • 



(8.16) 



In this expression the variations 6"'Ilf must be substituted. As explained earlier, 
they can be read from the corresponding variations of the vielbein in Section 7. 
Explicitly, 

^^n^ = -t{yT-D,y)-zy^y^nfT,/{T'')^^ 

S'U^ = z|/V7r/|/V(V«i?e//)(r)^,-|/WA/(r^)<^.T,/(r)^, 

-y^y''yV4nx'^{r%,Ta/{np, - iy^y'7r!yYi^uVsTf/){n^, 

SUr = D.y^ + y^n'^n," 

S'Ut = VAyV[i?7/35" + ^(r')/35T,/] (8.17) 
-y'yWiTb/R-yf^s'' - V-yR^M" - V^VsT^'^ + iT^^{T'),^T,s''] 

The torsions and curvatures that appear in these expressions, all evaluated at ^ = 0, 
are given in eqs. (2.4, 7.8, 7.9) in terms of component curvatures, field strengths 
and space-derivatives thereof. We will refrain from carrying out the substitution, or 
giving the next order in the expansion 
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9 Conclusions 



We have presented the ingredients for expanding the 11-dimensional membrane ac- 
tion in powers of the superspace fermionic coordinates. In a future pubhcation we 
intend to carry out similar work for various branes in 10-dimensional supergravity 
backgrounds. Our main tool has been the superspace normal coordinate expansion 
suitably adapted to our application. This expansion allows for a systematic and 
unambiguous method for proceeding to any order, using as its main ingredient the 
geometrical formulation of the background superspace, i.e. the constraints on tor- 
sions, curvatures, and 3-form field strength. We have used the standard constraints 



of refs. 1 17, 18| but the procedure is flexible enough to allow for modifications such 



as those considered by Cederwall et al (see also 

The membrane action is invariant under the various superspace symmetries, as 



well as K-symmetry. In refs. |T3|, |14|, in the context of a background field expansion 
for the Green-Schwarz superstring, we have discussed how these symmetries are 
reflected in symmetries of the action after the normal coordinate expansion. What 
we wish to emphasize is that no additional checking of K-invariance is necessary 

Our results could be specialized to specific AdSxS* backgrounds where the vari- 
ous curvatures and field strengths become very simple. This would allow comparison 
with the complete expansions obtained for such backgrounds in refs. [|, |], |1^]. We 
hope to pursue this, as well as other applications of our results, in a future publica- 
tion. 
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